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APPLIED AT AN INTERMEDIATE UPRIGHT

By L. Ross Isevin
SUMMARY

Results are presented of tests of several 24S-T aluminum-alloy

thin-web beams wlth transverse load applied at the end of an intermediate

upright. A method of computing stresses and predicting fallures in
these directly loaded uprights is presented. A comparison between
the experimentel and calculated results ls glven.

INTRODUCTION

Information on the design of uprights in dlagonal-tension beams
is limited at present to uprights which do not have any directly

epplied axisl loads. In practice, however, part or all of '_bhe__'l_:_rans_w_rgrse

load is frequently applied at ome of the intermediate uprights and
e method of designing the uprights seems desirable when this loading
condition exlsts. Several beams were tested with loads applied at
the intermedlate uprights, and a method of designing the uprights
was developed from these tests.

SYMBOLS

cross-sectional area of upright, square inches

effectlive cross-sectional area of upright, square inches
(see reference 1)

F &

cross-sectional area of web effectlive with uprights in
compression, square inches (see appendix)

=

3

Young's modulus, ksi

Ip moment of inertia of flangs, inchesl*

P load, kips



2 NACA TN No. 1544

Py internal force in upright, kips

Porea  predicted ultimate load on beam (total load on beam,
fig. 2), kips

Poit ultimete load on beem (total load on beam, fig. 2), kips

S trensverse shear force, kips

a spacing of uprights, inches

) distance from median plans of web to centrold of (single)
upright, inches

he depth of boam measured between centroids of flanges, inches

by length of beam upright measursd between centroids of upright-
to~flange rivet patierns, inches

k diegonal-tension factor

t thickness of web, lnches

ty thickness of upright, inches

oy normal stress in upright, ksi

O "pasic"” alloweble stress for forced crippling of uprights
(valid for stresses below proportionel limit in compression
of upright material), ksi

T shear stress, ksi

Tor crltical sheer stress, ksl

Tult ultimate shear stress, ksi

o controidal radius of gyration of oross section of upright
about sxis parallel to web (no sheet should be included), inches

Subscripts: |

n number cf station or bay

Superscripise:

T dlegonel tension

P direct load
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TEST SPECIMENS AND TEST PROCEDURE

The test specimsns were 2hS-T aluminum-elloy diagonal-tension
beams 80 inches long by 24 inches deep with 0.032-inch webs end

1- by 1- by ]%-inch uprights on one side of the web. Three beams had

uprights 20 inches apart and three beams hed uprights 10 inches apart.
A sketch of the beams 1s given in figure 1; the properties of the beams
are given in teble 1.

The beams were tested as cantilevers with supports to prevent
lateral buckling of the flanges. Figure 2 shows the manner in which
each of the beams was loaded and gives the numbers of the bays and
stations on each beam. The beams were loaded until fallure occurred.

Stralns were measured with resistance-type wire strain gages in
the attached .leg of the uwpright angle at the station 30 inches from the
tip. In beam 6, which had 10-inch upright spacing and &ll of the i
load applied at the station 30 inches from the tip, strains were measured
in the uprights at 20, 30, and 4O inches from the tip with resistance-
type wire strain gages.

TEST RESULTS AND ANALYSIS

Stresses in Intermediate Uprlghts

Uprights without direct load.- The stress in en upright without
any direct load was calculated by the methods given in reference 1.
The average measured stresses and the average calculated stresses in
the uprights (average over the length of the upright) of beems 1 and L
are shown in figure 3. The trend of the measured stresses is epproxi-
mately the sams as the trend of the calculated stresses. At high
loads the measured stresses and calculated stresses were very nearly
the same.

Uprights with direct load.- The theory presented in reference 1
is not applicable to the case of a load applied at one of the intermsdiate
uprights; and in the tests which were made to verify this theory, _
the load was never applied at the upright on which measurements were
teken. The only forces in the uprights of the beams discussed in
reference 1 were the forces caused by the diagonal-tension action in
the web. 1In beams which have some load applied at one of the inter-
mediate uprights, there is a force PyPT in the uprights caused by
diagonal-tension action in the web and a force caused by some of

the externel load P being transmitted directly to the upright. The
total force in the upright is then

PU=PUDT+PUP (l)
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The tests, particulerly those of beam 6 which had all the load
epplied at station 30, indicated that the load applled to the beam
was dlstributed over several uprights. There were appreclable stresses
outboard of the section where the load wes applied, which would not
have been present if--all of the load appllied at the end of an upright
had been carrled by that upright. In the estimation of the distribution
of the extermal load to the uprights, the flange and uprights were
essumed to deflect as shown in figure L. The flange was assumed to
have zero slope and zero deflection at the first upright on each side
of the statlon where the load wes appllied. The force caused by the
direct load aczinf)on the uprights was assumed to vary lineerly from

a meximum of at the lower end to zero at the top. The force
at the end of the upright directly over the load i1s then

(huy + Au,), &
SES " (b, + ), @ ¥ 22Tghy (2)

end the force on each adjacent upright is

(EU%)nfl B <é&€)n€l - fﬁ,lééféig (3)

The dlstribution of the loed must be determined by successive approxi-
matlon because the area of the web Awe, which 18 effective wilth the

uprights In compression, is a function of the loading retioc T/'rcr and

this ratic varles with the load dilstribution. For the beams discussed
herein the fourth approximation was usually satisfactory. Some changes
in the methods of analysis given in reference 1l were made when the
upright forces and siresses caused by the dlagonal-tension action in

the web were calculated. These changes were made because the conditions
in adjacent bays were not identlcal when the load was applied at one

of the intermediate uprights; wherees the charts iIn reference 1 were
beged on the assumption that the conditions were lidénticel in all bays.
Lhese detaills of the analysis are 1llustrated by the numerical example
given in the appendix.

The upright stresses for beams 2, 3, 5, and 6 were calculated in
the manner Just presented. The dlfferences hetween the average msasured
stresses and the average calculated stresses in the upright (average
over the length of the upright) at station 30 were about the same on
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each of these beams where all or part of the load was applied at station 30
as on beams 1 and 4 which did not have any load applied at station 30.

(See fig. 3.) Beams 1 and L4 were similar to the beams used in reference 1.
The average measured and average celculated stresses in the uprights

at stations 20, 30, and 40 of beam 6 are shown in Figure 5. At stations 20
and 40 the average measured stresses were less than the average calculated
stresses except for a few points at station 20 at the higher loads. The
differences between the average measured and the average calculated
stresses in these uprights at stations 20 and 40 wers uswally greater

than the differences at statlion 30 where the load was applied.

Ultimate Load Tests

In beams 1 and 4 the ultimate loads were computed by the methods
given in reference 1. The alloweble stress was computed from

Og = 35k 'bU/t ()-l-)

which represents the average value of allowable upright stress for
the beams discussed in refersence 1.

The allowable upright stress at the neutral axis (longitudinal
coenter line) of the beams loaded at an intermediate upright was cobtalned
from formule (4). If k was not the same on both sides of the
upright, the average valus was used. The effective value given in
reference 1 was used if k was less than 0.5. In refersnce 1, where
all of the load on the uprights was caused by dlagonal-tension action, g,
was taken es the alloweble value of the meximm stress in the upright
which always occurred at the neutral axis of the beam. In beams 2,

3, 5, and 6, which had load applied at one of the intermediate uprights,
the maximum computed siress occurred near the loaded end of the uprights;
however, in ‘the beams with load applied at an intermediate upright,

the best method of predicting upright fallures was to use 0, as the
ellowable value of upright stress at the neutrel axis (longitudinal
center line) of the beam. It was necessary to check several uprights far
the possibility of failure when the ultimete load on the beams with

load at an upright was computed because neither the computed stresses
nor the allowable siresses were the same In ell uprights. Table 2 gives
the ratio of actual ultimate load to predicted ultimate load ©P,q4 /Ppred.
for each upright in which fallure ssemed llkely. Both P3¢ and Ppred.

are the total load on the beam. For the uprights which actually
failed, Py1t/Pppeq veried from 1.202 to 0.859. The range of Puit/Porea

for the teste in reference 1 was from epproximately 1.20 to 0.80 when
Pored Wes based on the allowable stresses gilven by formula (4).
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CONCLUSIONS

Tests were made of 24S-T aluminum-alloy thin-web beams with &
transverse load applied at the end of one of the intermediate uprights,
and a mothod of computing stresses and predicting fallures in these
directly loaded uprights was developed.

Comparison of the test results with the method of analysls presented
indicated the following conclusions:

1. The stresses ln the uprights were predicted with about the
same accuracy in the beams with a loed applied at one of the inter-
mediate uprights as in the beams which had all the load applied at the

end upright.

2. The ultimate loads on the beams which had a load applied at an
Intermediate upright were predicted with about the same accuracy as
the wWltimate loads on the beams which had all the load applied on
the end upright.

Langley Memorlel Aeronautical Laboratory
Natlonal Advisory Committee for Aeronsutics
Langley Field, Ve., November 5, 1947
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APPENDIX

NUMERICAL, EXAMPLE

The method of analysis presented in this paper 1s illustrated
by calculating the stresses in the upright at station 30 of beam 6
when a load of 7 kips 1s applied at station 30. The locatlon of the
load and the numbers of the bays and stations are shown in figure 2.
The necessary data for the analysis are as follows:

hy = 24.28 in.
by = 24.00 in.
d = 10.0 in.
t = 0.0332 in.
ty = 0.0650 in.
A = 0.1288 sq in.
Ay, = 0.0732 sq in.
M, _ 0.2205
at o
P = 0.311 in.
e = 0.271 in. T
— L
IF had On82 in-
T = 0.850 ksi
cr
E = 10.6 x 103 ksi

. The first step in calculating the stresses in the uprights is’
to determine the distribution of the extermal load to the uprights at
stations 20, 30, and 40. This load distribution is given by formulas (2)
and (3) which may be solved by successive approximations. For a first
epproximatlon it may be assumed that none of the web 1s effective with
the uprights in compression; that is, Ay = '
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First Approximation

The effective ares of the wed AWe is agsumed to be zero and ‘the
load on the upright at station 30, which is computed from formule (2), is

R e

P30 @e N A‘We>3o a3 + 12T

. 0.0732 X 10.03
30 (5.0732 % 10.03) + 12(0.82 x 24.00)

0.236 P3O

The load on the uprights at stations 20 and 40, which is calculeted
from formuls (3), is

), - 69,

_ P30 - 0-236P30
2

= o.3821>30

Second Approximetion

The distribution detsrmined in the first approximation 1is used
to determine an effective area of the web, which may bPe used to obtain
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& closer approximation of the load distribution. The flrst step 1s
to calculate the shear loads and shear stresses in bays 3 and 4 from
the distribution given by the first approximetion. The web shear load

at any sectlon of the beam is the sum of all the loads PUP in the

uprights outboard of that sectlion. The shear stresses in bays 3 and 1_&
are

Ty =3
hgt

_.<}Rfi>20
ol

0.38% x 7.00 .
2k .28 x 0.0332

= 3.31 ksi

Sy

==(}ﬁ%)2o *'<%U%)3o

T

_ (0.382 + 0.236)7.00
24 .28 x 0.0332

5.36 ksi

The loaeding ratio T/7T,,. for each bay is then
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T 3.31
Gcz)3 ~0.850

|

3.9
5.36
0.850

&),

6.3

The next step 1s to determine the diagonal-tenslon factor k for each
bay. By use of figure 7 of reference 1 which gives k as a function
of T[Ten, the values of k for bays 3 and 4 are as follows:

k) = 0.38

The area of the web which 1s effective with the upright in compression
is given in reference 1l as

Ay, = 0.54t(1 - k)

. and is applicable 1f k 1s constant. In beam 6, k is not the same
k3 + kY
in adjacent bays; therefore, the average value > 1s used to

calculate AWé at station 30
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03\ T

0.5 X 10.0 X 0.0332 6 _0.29 ; 0.38>

%g30

0.1102 sq in.

This effective web aresa is used to compute 2 new load distribution.
The load on the upright at station 30 is

@)30 = GUQ i Awe>30 @ T Pl

=P
30 <§ﬁé + Byt ) a3 + 12T by

P (0.0732 + 0.1102)10.03

30 (0.0732 + 0.1102)10.03 + 12(0.82 x 24.00)

"

0.h38P30

The load on the uprights at station 20 and 40 is

@,," 6, - 2

P30 - 043859
2

= 0.281P3o
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This distribution 1g not the seme as that cbtained In the first approxi-
metion; therefore, a third epproximation is mede.
Third Approximatilon
The calculatlions required for the third epproximation are similer

to those which were made in the second epproximation. The load
distribution given by the third approximation 1s

0.4lizPgq

N
N
"
fn

= @ho = 0.279P3

N
&
S

"

Fourth Approximstion

The fourth approximation is obtained in the same manner as the
previous approximations. The values for the diagonal-tension factors,
the effective web area, and the load distribution are the same as those
given by the third approximation. These values are

k3 = 0~22 - -
k, = 0.41
= 0.1137 &g in.
Mlo30

sy
@D,

0.4h2P,

I)
Q = 0.279P
U/ 30

il
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The stresses in the uprights can now be computed from the quantities
glven by the fourth epproximetion. The general expression for the
total stress in the upright ls

oy = ag™" * oy

The first step 1s to determine the average stress In the upright at
station 30. The average upright stress (average over the length of the
upright) caused by the direct load is

o,

0.4l2 X 7.00
2(0.0732 + 0.1137)

8.21 ksi

The average upright stress caused by the diagonal-tension action in _
the web may be determined from figure 8 of reference 1 which gives otU/'r

as & function of the loading ratio T/Tgy and the ratio Ag /d.t.

This chart was computed for beems in which the conditions 1n adjacent

bays were identical; therefore, the effect of each bay on the stress ]

in the upright wes the sams, and a single value of oU/'r could be

used. to indicate the stress in the upright. In beam 6 where the conditions
in two adjacent bays ars not the same, the uwpright stress caused

by the dilagonal-tension action in each bey 1s assumed to be half of

that indicated by the value of o‘U/T for that bay which is given by

figure 8 of reference 1. By use of figure 8 of reference 1, the values
of oy/T for bays 3 and k are

®) -0 .
(6—.[3 = 0.63

N
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At station 30 the average upright stress caused by the diagonal-
tension ection 1s - o

QUDT> 30av (%"93 £ C;P): =

2

0.32 x 2.42 + 0.68 X 6.26
2 2

= 2.53 ksl

The average stress in the upright at station 30 when there is a load
of 7.0 kips at station 30 is then

r P
QU 30av * (GU 30av )

6U30av

2.53 + 8.21

10.74 kst

When the strength of the directly loaded uprights is computed, the
upright stress at the longitudinel center line of the beam must be computed.
The stress at the center line caused by the direct loed is the same as
the average stress caused by the direct load; that is,

D05, = @00

8.21 ksi
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The upright stress, at the longitudinal center line of the beam,
caused by the diagonal tension is also the maximum upright stress
caused by the diagonal tension. This maximm upright stress may be
determined with the aid of figure 10 in reference 1 which gives the
ratio of the maximum stress to the average stress. By use of figure 10
of reference 1, the valuesof Opax/day Tfor bays 3 and 4 are as follows:

5
),
Jav./ it

The average value of Opsx/dgy 1s used to compute the stress in the
upright between bays 3 and 4. At station 30 the upright stress.at the

center line of the beam is
1| (ome) cm_% ] &™)
2 [Q&V ) 3 Q&V I 3Oa_v

3.31 ksi

The total upright stress at the center line of the beam at station 30
is then ’

GU]% 30¢, ("UP} 30g7,

3.31 + 8.21

c‘U30c:1.

11.52 ksi - _
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Two thicknesses of sheet 7 IxI x{g uprights .
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Figure |.— Nominal dimensions of test beams. N

(All dimensions are in inches.)
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Figure 2 .,— Location of loads and numbers of stations and bays
on each beam.
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Figure 3.— Stresses in uprights at station 30.
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Figure 4~ Assumed deflection of flange and upright,

Load, kips

Q

Stress, ksi

Figure 5.— Stresses in uprights of beam &.
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